Background: Anatomical knowledge of the duodenojejunal flexure is necessary for
Introduction
The duodenojejunal flexure (flexura duodenojejunalis) is defined as the border between the duodenum and the jejunum. The anatomy around the dudenojejunal flexure is important for duodenal and pancreatic surgeries, especially for pancreatoduodenectomy (PD), one of the most invasive and difficult procedures in digestive surgery, but the anatomy is complex and difficult to understand in human. In contrast to human, the anatomy of the duodenojejunal flexure is rather simple in animals, because the duodenum posses its own mesentery, mesoduodenum. The duodenum in animals is not defined by the presence of the duodenal glands as in human, and the border between the duodenum and the jejunum is marked by the plica duodenocolica (PDC) in animals [11] .
The structures around the duodenojejunal flexure of human generally consist of two folds and two fossas. The superior duodenal fold (SDF), also called the duodenojejunal fold or plica duodenalis superior, is a serous, membranous fold of the peritoneum, abutting on the superior duodenal fossa [10] . The inferior mesenteric vein runs on the left side of the SDF, and the right side of the SDF connects to an adhesion between the duodenojejunal flexure and the transverse mesocolon [3] . SDF is used as a reference point for the end of the duodenum and the beginning of the jejunum in abdominal surgery, and is sometimes confused with the suspensory muscle of the duodenum, i.e. the ligament of Treitz [16] , which connects the third and fourth portion of the duodenum and the connective tissue between the celiac and the superior mesenteric artery [9] , and is the main cause of the superior mesenteric artery syndrome in human [1] .
The inferior duodenal fold (IDF, also called the duodenomesocolic fold or plica duodenalis inferior) is also a serous, membranous fold of the peritoneum that connects the duodenum and the descending mesocolon, and abuts on the inferior duodenal fossa [10] .
The superior and inferior duodenal fossas are constructed by the duodenum, the mesocolon, and the superior and inferior duodenal fold, the bottom of which is the parietal peritoneum. However, there are slight differences in their definition among researchers [2, 4, 10, 12] . They are known as common sites for a paraduodenal hernia, one of the abdominal internal hernias [8] .
In animals, one of the anatomical structures around the duodenojejunal flexure is the PDC. The fold is present in domestic animals, such as pig, cow, horse, and dog [7, 11] , and it demarcates the border between the duodenum and the jejunum. However, the anatomical counterparts of the SDF, the IDF, and the superior and inferior duodenal fossas, are not clarified, and, to our knowledge, differences in the anatomy around the duodenojejunal flexure between human and other animals have not been analyzed.
Anatomical information about the duodenojejunal flexure in mammals is necessary for understanding the generalized pattern and developmental processes of the area, and would also facilitate surgical and physiological experiments in mammals.
Here, we provide anatomical information about the duodenojejunal flexure of four major experimental animals, mouse, rat, dog, and pig in relation to that of human.
Materials and methods

Ethics statement
The present study was approved by the Research Ethics Committee of Tohoku University, School of Medicine (2016-1-064), and patient anonymity was preserved.
Human study
Ten surgical records of pancreatoduodenectomy performed at Tohoku University Hospital from 2013 to 2015 were reviewed to observe the anatomy of the duodenojejunal flexure. The appearance of the superior and inferior duodenal fossas, SDF, and IDF were noted.
Experimental animals
The animal subjects were two domestic male pigs at 3 months old (KumagaiShigeyasu Co., Ltd, Sendai, Japan), two Beagle dogs (1male and 1female) at 1.5 years old (Oriental Bio Service, Kyoto, Japan), two male Wistar rats at 2 months old (KumagaiShigeyasu Co., Ltd, Sendai, Japan), and two male BALB/c mice at 10 weeks old (CLEA Japan, Tokyo, Japan). All animals were euthanized before the abdominal exploration with intraperitoneal pentobarbital (150 mg/kg) for mice and rats, with intravenous thiopental sodium (60 mg/kg) for dogs, and with intravenous potassium chloride (120 mEq/body) under general anesthesia maintained with inhaled sevoflurane and oxygen for pigs.
Comparative anatomy of the duodenojejunal flexure
The abdomen was widely incised for peritoneal exploration. The duodenojejunal flexure in the experimental animals was identified by following the small intestine from the colon to the oral side. Because the duodenojejunal flexure is demarcated by the PDC [7, 11] , the first fold or adhesion identified when progressing to the duodenum was regarded as the PDC. The duodenum was also observed from the oral side by following the stomach. The beginning of the duodenum was identified by the pylorus, which is generally found in most vertebrates [13] , and the duodenum was followed to the duodenojejunal flexure. Any peritoneal membranous folds around the duodenojejunal flexure were investigated, and when any duodenal fossa was detected, it was considered to be the superior or inferior duodenal fossa.
Terminology
The anatomical words used in this study were based on Terminologia Anatomica [5] for human, and Nomina Anatomica Veterinaria [17] for animals. The superior duodenal fold (SDF), the inferior duodenal fold (IDF), the superior and inferior duodenal fossa, and the suspensory muscle of the duodenum are from Terminologia Anatomica, and the plica duodenocolica (PDC) is from Nomina Anatomica Veterinaria. The explanations about "the adhesion between the duodenojejunal flexure and the mesocolon" and "the fixation of the duodenum to the retroperitoneum" are simple descriptions and were not from Terminologia Anatomica, or Nomina Anatomica Veterinaria. Figure 1 shows the representative anatomy of the duodenojejunal flexure of human.
Results
Human
The SDF, IDF, and the superior and the inferior duodenal fossas were detected in all 10 cases. The SDF and IDF abutted on the superior and the inferior duodenal fossa, respectively. The inferior mesenteric vein could be seen through the serosa on the left side of the SDF.
The SDF connected to an adhesion between the duodenojejunal flexure and the transverse mesocolon (Figure 1a ). When the jejunum was pulled caudally, the fibrous adherence of the SDF and the connection to the adhesion could be observed (Figure 1b, 1c) .
The SDF and the adhesion between the duodenojejunal flexure and the transverse mesocolon were transected in every case of pancreatoduodenectomy in order to detach the duodenum from the mesocolon and to approach the vessels of the duodenum and the pancreas. Lysis of the adhesion also exposed the suspensory muscle of the duodenum.
The IDF was connected to the visceral peritoneum of the third portion of the duodenum, and it was also transected in every PD. Figure 2 shows the duodenojejunal flexure of pig. The arrangement of the intestines is different from that of human. The small intestine is located in the right abdomen and the large intestine in the left abdomen in pig, while the large intestine adheres to both sides of the abdominal wall in human. The duodenum of pig is fixed to the retroperitoneum like human, but the extent of the adhesion is different. While almost all the duodenum is fixed to the retroperitoneum in human, the oral side of the duodenum of pig is not fixed to the retroperitoneum, and the anal side of the duodenum strongly adheres to the retroperitoneum and to the mesocolon. A serous fold between the mesocolon and the duodenum was observed (Fig.2) , and it was identified as the PDC. The fold connected to the adhesion between the duodenojejunal flexure and the mesocolon. No other fold or fossa was observed. However, it is possible that anatomical structures, which are counterparts of the IDF, and the superior and inferior duodenal fossas of human, would be preserved in the strong adhesion, and we could not identify them macroscopically. The suspensory muscle of the duodenum was not identified in pig. Fig. 3 shows the duodenojejunal flexure of dog. Unlike human and pig, the duodenum was not fixed to the parietal peritoneum. The PDC was easily detected by following the small intestine to the oral side, and the PDC was continuous with the adhesion between the duodenojejunal flexure and the mesocolon. The duodenum was not fixed to the retroperitoneum and no other folds or fossas were identified. The suspensory muscle of the duodenum was not macroscopically apparent in dog.
Pig
Dog
Mouse and rat
The two rodents showed nearly the same anatomy around the duodenojejunal flexure, and the placement of the bowels of the rodents was very similar to that of dog. Fig.   4a shows the duodenojejunal flexure of mouse, and Fig. 4b and 4c show that of rat. Just as in dog, the adhesion between the duodenojejunal flexure and the mesocolon was easily detected and, to the left of the adhesion, the PDC was identified. The duodenal fossas and other folds were not found, perhaps because the duodenum was not fixed to the parietal peritoneum. When the PDC and the adhesion were cut in rat, the naturally rotated intestine returned to a state of non-rotation (Fig. 5) . No obvious muscular structure like the suspensory muscle of the duodenum of human was observed macroscopically.
Summary of the results
We summarized the information about the folds and fossas around the duodenojejunal flexure from each animal in Table 1 . The SDF in human was regarded as a counterpart of PDC in animals, because both folds demarcated the border between the duodenum and the jejunum, and because the adhesion between the duodenojejunal flexure and the mesocolon was identified next to the fold. These data revealed that there are significant differences in the anatomy of the duodenojejunal flexure between human and other animals.
Discussion
Our study elucidated the preservation of the anatomical structures around the duodenojejunal flexure in the examined mammals ( Table 1 ).
The adhesion between the duodenojejunal flexure and the mesocolon was common to all the animals, and it forms the SDF in human and the PDC in the other animals. That is the common characteristic of the duodenojejunal flexure, and may have embryologic and evolutionary importance. Based on the finding that lysis of the PCD and the adhesion between the duodenojejunal flexure and the mesocolon in rat changed the naturally rotated intestine into a state of non-rotation, they were assumed to have a role in the embryologic intestinal rotation. The intestine must be rotated in order to provide a sufficient absorptive area for the relatively short trunk [6] , but the driving force of intestinal rotation is still unknown [14] . The PCD and the adhesion between the duodenojejunal flexure and the mesocolon is the essential structure to maintain the intestinal rotation, and possibly to commence the intestinal rotation during the prenatal period. De-rotation of the intestine in human is not so simple in human as in rat, because, in addition to the lysis of the adhesion between the duodenojejunal flexure and the mesocolon, wide incision of the peritoneum is necessary to mobilize the duodenum [15] .
The anatomical divergence of the duodenojejunal flexure among the animals is thought to derive from the differences of the duodenal fixation to the retroperitoneum. In mouse, rat, and dog, the duodenum was adhered to the mesocolon but not fixed to the retroperitoneum, thus theoretically there should be only one fold (the PDC) and no other folds or fossas. In pig, the anal side of the duodenum is too strongly and thickly fixed to the retroperitoneum to identify other folds or fossas. The morphologic pattern of the duodenojejunal flexure of pig could be classified as intermediate between human, rodent and dog. As with the IDF and the superior and inferior duodenal fossas, the suspensory muscle of the duodenum (ligament of Treitz) was found only in human, but was not macroscopically identified in the other animals. Since the suspensory muscle of the duodenum pulls the duodenojejunal flexure caudally to modulate the output through the duodenojejunal flexure, the muscle might be present only in bipeds, not in quadrupeds.
In summary, the SDF in human or PDC in animals, and the adhesion between the duodenojejunal flexure and the mesocolon are preserved in all the examined animals and are relevant to the intestinal rotation. The fixation of the duodenum to the retroperitoneum may cause the differences in the anatomical structures, such as the IDF, the superior and inferior duodenal fossas, and the suspensory muscle of the duodenum, around the duodenojejunal flexure.
The present study is, to our knowledge, the first report about the comparative anatomy of the duodenojejunal flexure. Anatomical knowledge of the area is useful for duodenal and pancreatic surgeries, and for animal studies about the duodenum. 
